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論文内容要旨
 Neg&tiveionbeamshavea}}ighpoten童ia至inm&terialprocessingsuchas圭。簸beamimplan頓tioaandion
 bea鵬雄ac瓢ηing,becauseofthe圭r“near}yc薮㎎e-up倉ee"f6atureinionbeamirradlatlon.Despitethis
 advantage,糞egatlve量onbeams姦aveno亡beenwidely殺sedyetO敷eof癒em勾orreasons圭sthatt敷eef猛cient
 pr・d雛ctionofnegativel・nbeamsisn・teasybyac・nventi・n譲disc紅argep夏asm弓meth・d・
 Sof厩重heauthor&簸(1co-workershavepぎoposedanO榊io琴prod慧ctlo葺me雛odbyu重illzingsolidoxide
 ioniccond琶ctors.And,u興ti}now,theO-ionemissionf}omth量snove1総egativeionbeamso耀cehasbeen
 invest圭gatedlnno{onlyourpreviousworks,butalsootherworksbysevera!groups.Howeve鳥tbeperfbrmance
 of面snega撰veionbeamso灘ceisnote陰ough{brprac‡icabse,anditsemiss墨onmec難anismhavenotbeen
 clarifledwelLInaddition,thevariatio論sof癒eworksare㌻oonarrow:Alloft蓋eseare重難eworksrela重edto伽e
 ione撮issionf}omYttriaStabi!izedZ量rconia(YSZ)or12CaO・7A1203(C董2A7).Forthe鞍pgr&d麺gof癒e
 gerfbrmance,也eexplori鍛goft盤eadditionalpotentialityandtheclari五。&tionofthemec蓋anismofthisionbeam
 source,thea凱horhasconsi(iere(itbat髭isessendal重odeveloP‡hiss重udy倉omvar量ousperspec“vesus圭ng
variousmaterlalS.
 There飴でe,inthisd玉sseれa重ionシ之he行rst,重赴epuΦoseisto圭簸ves板gate重}leO柵io嚢em玉ssion負'omtheoxide
 ioniccond貸ctoro重ねe貢hanYSZandC12A7,重of…nda鳶ewcandi(iatematerialfbr重heperfbrmanceupgra(1加島
 Next,toseek童eaddi盛onalpotentlallt》㌧trlalwillbe田adefbr癒eprod艮。重io捻softhenegative.io鍛beamot姦er
 thanO臓onusingotherionicco穀d競cto箕Andβ糞a11}“beau雛ora量mstoc茎arlfytheemlss玉。盤mec姓anismus圭ng
 t員eobta董nedda重a倉omt蓋eseexper量ments。
 EmissioRchara僕erlsticsofσionfヤomCeO2wereinvestigatedめf三ndanewcand玉datemateriai{br重薮e
 perfbrmanceupgrad至難gof庸eO-lonbeamsource.Tl隻eq蘇adrupo生emassspectrαmobta呈捻ed貸omCeO2was
 s熱owR…nFigLItwasconfirmedt盤a重頁ega重iveionsemittedCeO2weremain圭yO『ions.丁嬢sresultprove(ithat
 itlspossible重oproduceO-ionbeambyusingCeO20癒erthanYSZ&ndC12A7.Inadditlon,癒eem量ss呈。η
 currentf}omCeO2wasalsoobserved、Itwasfbundthattheem量ssionc群rentdecreaseswiththepassageoftime.
 Howeveちthetendencyof廊edecaycurvesa毛each重empef飢urevarleswidel)へApossiblere&so難fbr飴e
 variat玉。貧沁翫etendencyisthat撫econditlonoft熱eem圭ssionsarf衰cewas頑ff6ren重among甑es&mplesuseda重
 eac賀重emperat“rej毛wasalsofbundtha賛heeまlnlssloncurre賊increaseswith重emperature,And,additional}ylt
 was∫bundthattl集eem玉ssioncu貰entincr6asedwlthapplledvoltage.
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The emission current from Ce02 Was higher than that from YSZ and Cl2A7 in a low voltage region, 
suggesting that it is possible to increase the emission current by using an oxide ionic conductor other than YSZ 
and C 1 2A7. 
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Fig. I Mass spectrum of negative ions from Ce02 at 
900'C under the extraction voltage of 300V 
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Fig. 2 Mass spectrum ofnegative ions from CaF2 at 
900"C under the extraction voltage of 300V 
*~~~ 
To explore the additional potentia]ity of this system, F~ ion emission from CaF2 Was investigated. As 
shown in Fig. 2, the production of F~ ion from CaF2 Was confirmed by the quadrupole mass spectrometry, 
indicating that this system can produce the F~ ion beam by using fluoride ionic conductor. However, a certain 
amount of O~ ion was also eontained in the emitted negative ions. This is because that the emission surface of 
the sample was oxidized during the sintering procedure of the Pt electrode. 
In addition, the emission current from CaF2 Was a]so observed. It was found that the emission current 
showed the similar decay behavior, which was often observed in the O~ ion emission from oxide ionic 
conductors: The emission current shows a rapid decay at initial stage, and then, it deereases gradually with the 
passage of time. It should be considered that the decay behavior of the emission current is specific phenomenon 
in ion emissions from a solid surface. It was also found that the emission current increases with temperature. 
The activation energy for the negative ion emission from CaF2 at steady state was estimated at about 2.81 eV. 
On the other hand, at the transition state, it was observed that there are several regions with different activation 
energies, suggesting a possibility that there are several mechanisms with different activatio, n energies (0.51 eV, 
1.1 8 eV and I .61 eV) in the negative ion emission. 
It was a]so found that the emission current increased 
with applied voltage. 
To clarify the emission mechanism, the applied 
voltage dependence of the emission current from solid 
ionic conductors were discussed, by fitting the obtained 
data using the modified Schottky equation with the 
multiplying factor a as 
log Jo + a ILT91 ~ log .J = ( I ) e'ni+sio" 
For example, the fitting result ofthe applied voltage 
dependence from YSZ was shown in Fig.3. It can be 
seen that the modified equation accorded with the data 
reasonab]y well in high voltage region, suggesting that 
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Fig. 3 Fitting ofthe app]ied volta*"e dependence of 
the emission current from YSZ 
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the applied voltage dependence is proportional to exp(V~/2) as in the Schottky equation and only its dependence 
is stronger than that in Schottky equation. This result also implies that the applied voltage dependence is caused 
by the coulombic interaction similar to that proposed as Schottky effect. 
In addition, from the fitting results, two possible reasons were suggested for this Schottky-effect-like 
mechanism. One is that the actual electric field is d times stronger than that of the apparent one. Another is that 
the enhancement is caused by the d times stronger attractive force than the image force. 
~*; 
To clarify the real negative ion current from Ce02, CaF2 and YSZ, the ratio of negative ions and electrons 
in the emission current was investigated using time of flight mass spectrometer (TOF-MS) capable of detecting 
electrons. As a result, the evidence, which indicates the electron emission from the ionic conductors, was not 
also confirmed from the TOF-mass spectrum of CaF2, Ce02 and YSZ. 
The ratio from CaF2 and Ce02 Was aiso discussed in terms of the decay time constant of the emission 
current and that of the negative ion counts. In this case, the decay time constants were estimated from the fitting 
of the decay curves of the emission current and the negative ion counts using the following equation. 
- [ ) 
)
 ( -x x (2).  y = yl ･ exp + y2 ･ exp + yeo tl t2
For example, the decay curve and the fitting result of the emission current and the F~ ion counts from CaF2 were 
shown in Fig. 5 . It can be seen that the large difference in the obtained decay time constants between the 
emission current and the F~ ion count was not confirmed. Additionally, in the case of Ce02, the large difference 
was not also observed as in the case of CaF2-
From these results, the strong evidence for the existence of thermal electrons in the emission current was 
not obtained, and from the obtained decay time constants, it was found that there are several decay processes in 
the negative ion emission mechanisms. 
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current (a), F~ ion count (b) 
As remarked above, this dissertation proved that it is possible to produce O~ ion beam and to increase the 
 emission eurrent by using Ce02･ This dissertation also proved that this ion beam source can produce the F~ ion 
beam by using fluoride ionic conductor. Additionally, this dissertation discussed the emission mechanism ofthis 
negative ion beam source, and provided the useftul information on the clarification of the unrevealed emission 
mechanism. Finally, it can be concluded that this dissertation greatly contributed to the development of this 
novel negative ion beam source. 
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 論文審査結果の要旨
 最近イオンビーム工学は材料科学・ナノテクノ鐸ジーの基盤技術として特に注目さわている。なか
 でも,その制御の容易さと照躯体のチャージアップによる損傷が少ないこと等から,負イオンビームに
 高い関心が集まっている。東北大学では最近,酸素イオン導電体である安定化ジルコニアに高温で高電
 圧をかけると一価の酸素イオンビームが放出されるという現象潜発見され,ついで東京工業大学などで,
 アルミン酸カルシウムからも一価の酸素負イオンビームの発生が報告された。本論文はこの一連の現象
 を取り上げ,その普遍性と原理を探求し,応用への可能性を考察したものであり,全編6章からなる。
 第1章は序論であり,本研究の背景となるイオンビーム源の研究概要と,イオン導電性固体がイオン
 ビーム源になることが発見された経緯,および本研究の目的を述べている。
 第2章では,酸化セリウムが,安定化ジルコニアを凌ぎ,アルミン酸カルシウムと同等以上のビーム
 束を与える酸素負イオンビーム源になるという新たな発見と,その温度,電圧依存について述べている。
 第3章では∫フッ素イオン導電体であるフッ化カルシウムが,フッ素負イオンビーム源となることの
 新たな発見と,そのビ」ム源としての特性に関する探求結果について述べている。
 第4章は,このイオンビーム発生の原理に関する考察である。エミッション電流は,ショットキー効
 果から予測される様に,引き出し電圧の平方根の指数関数に比例する。しかし,その電圧依存は理論予
 測よFり格段に大きく,実効的な電圧が10-1000倍になった状態に相当している。この原因を説明
 するモデルを考察し,結晶表面のファセットなどによる凹凸がこの原因の一つであろうと推論している。
 これは負イオンエミッションの電位依存の機構に立ち入った最初の研究である。また,高イオンビーム
 束を得る方途も示唆しており,工学的にも重要である。
 第5章でば,飛行時間質量分析法を用いた研究結果を述べている。引き出し電圧に対して発生するビ
 ー ム電流へのイオンと電子の寄与を分離測定した結果,発生している荷電ビームは全て負イオンによる
 ものであることを初めて明らかにしている。基礎科学・工学の両面から極めて重要な発見である?また,
 その時間依存からイオンビーム発生機構の考察も進めている。
 第6章は,結論である。
 以上要するに本論文は,負イオンビームリ新しい発生源の発見と,その発生機構解明,工学的応馬へ
 の可能性の探索を進めたもので,固体イオニクズ,ビーム工学,機械システみデザイン工学の発展に寄
 与するところが少なくない。
 よgて,本論文は博士(工学)の学位論文として合格と認める。
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